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Effects of acute ureteral obstruction on glomerular hemodynam-
irs in rat kidney. In order to study the effects of acute ureteral
obstruction on glomerular hemodynamics, glomerular hydrostatic
capillary pressure (PG), pressure in the first-order peritubular capil-
laries (EAP), and intratubular pressure (PT) were directly mea-
sured in superficial nephrons of Munich-Wistar rats by micropunc-
tare with a servo-nulling device, in control conditions and one to
two hours after ureteral ligation. Single nephron filtration fraction
(SNFF) was calculated from arterial and peritubular blood protein
concentration. SNGFR was measured by conventional micro-
puncture techniques in control conditions and was calculated from
efferent arteriole blood flow (EABF) and SNFF during ureteral
obstruction. EABF was obtained by timed complete collection of
blood from superficial efferent arterioles. Afferent arteriole blood
flow (AABF) and resistance of affcrcnt (Ra) and efferent arterioles
(Re) were calculated from conventional equations. Ureteral
obstruction markedly increased PT from 12.9 1.4 to 36.8 6.1
(sD) mm Hg. The fall in SNGFR (from 23.3 6.4 to 17.9 5.2 [SD]
ullmin) was blunted by thc rise in G (from 45.5 3.6 to 59.3 4.0
[sri] mm Hg) and AABF (from 130.3 59.1 to 144.2 69.0 [sri]
nl/min), secondary to a fall in Ra. These results demonstrate that
SNGFR is maintained early after complete ureteral obstruction
because of afferent arteriole dilatation.
Effets de l'obstruction urétérale aigué stir l'hémodynamique
glomérulaire chez le rat. Afin d'etudier les effets de l'obstruction
urétéraie aigue sur l'hémodynamique glomérulaire, [a pression
hydrostatique glomérulaire (PG), [a pression dans les capillaires
péritubulaires de premier ordre (EAP), et la pression intra-tubu-
laire (PT) ont été mesurées directement dans des néphrons superfi-
ciels de rats Munich-Wistar, par microponctions, au moyen d'un
systéme asservi, dans les conditions basales et aprés deux heures
de ligature urétérale. La fraction de filtration des néphrons indivi-
duels (SNFF) a été calculée is partir des concentrations de protéine
du sang péri-tubulaire. SNGFR a été mesuré par les techniques
habitueiles de microponction dans les conditions basales et a été
calculé is partir du debit sanguin dans l'artériole efférente (EABF)
et SNFF au cours de l'obstruction urétérale. EABF a été obtenu
par un recueil complet et minute du sang des arterioles efférentes
superficielles. Le debit sanguin dans l'artdriole afferente et Ia
résistance des arterioles afferente (Ra) et efferente (Re) ont été
calculds au moyen des equations habituelles. L'obstruction uré-
térale a augmenté PT de façon importante de 12,9 1,4 sri is 36,8
6,1 mm Hg. La chute de SNGFR (de 23.3 6,4 is 17.9 5,2 nIl
mm) est masquée par 1' augmentation de P (de 45,5 [sri] 3,6 is
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59,3 4,0 mm Hg) et de AABF (de 130,3 59,1 is 144,2 69,0
nllmin) secondaires is La chute de R. Ces resultats démontrent que
SNGFR est maintenu au debut dune obstruction uréterale totale
grisce a Ia dilatation de l'artCriole afferente.
As yet, no measurement of glomerular filtration
rate in the whole kidney (GFR) nor in the single
nephron (SNGFR) early after ureteral obstruction
has been reported. It has been postulated, however,
that during ureteral obstruction intrarenal hemody-
namic adjustments occur, maintaining ultrafiltration
despite a significant rise in intratubular pressure.
Blood flow across single glomerular arterioles usu-
ally is determined indirectly by micropuncture from
SNGFR, single nephron filtration fraction (SNFF),
and systemic blood hematocrit. Clearance tech-
niques, however, might be unsuitable for SNGFR
measurements during ureteral obstruction, since
they require a tubular fluid collection, for which
release of the obstruction would take place. Alterna-
tively, efferent arteriole blood flow (EABF) can be
directly measured by timed complete collection of
blood from the efferent arteriole at its welling point
on the kidney surface. From efferent arteriole plas-
ma flow (EAPF, derived from EABF) and SNFF,
SNGFR can be calculated also according to the
equation Li]:
SNGFR =
1 —SNFF
— EAPF. (1)
In this way, no tubular collection is required, SNFF
being calculated from protein concentration in blood
samples collected from the efferent arteriole and
from a femoral artery [2]. Obviously, direct mea-
surement of EABF is valid only if the efferent arteri-
oles from the outermost glomeruli have a straight
unbranched pathway to the kidney surface, as dem-
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onstrated in rats of the Sprague-Dawley and Wistar
strain [1, 3—51.
The present study was undertaken to evaluate the
glomerular hemodynamics and to measure SNGFR
in the rat kidney one to two hours after ureteral
ligation.
Methods
All of the present micropuncture experiments
were carried out in a mutant strain of Munich-Wistar
rats having glomeruli on the kidney surface accessi-
ble to direct micropressure measurements [2].
Twenty-five non-fasted female rats, weighing 150
to 200 g, were anesthetized i.p. with sodium pento-
barbital (Nembutal ®, 60 mg/kg of body wt) and were
prepared for micropuncture. as previously described
[6,7]. After the surgical preparation, an i.v. mfu-
sion of bicarbonate-saline solution (sodium chloride,
110 mEq/liter; sodium bicarbonate, 28 mEq/liter;
potassium chloride, 5 mEq/liter) containing chemical
(nonisotopic) inulin (10%) was begun at an infusion
rate of 0.02 mi/mm, and was maintained thereafter.
Sixty minutes were allowed for equilibration before
starting micropuncture collections and micropressure
measurements [8]. Fifteen of these animals were
used for validating the method for SNGFR measure-
ment in Munich-Wistar rats; the other ten rats were
used for studying the glomerular hemodynamics dur-
ing ureteral obstruction and for postobstructive
studies.
Studies for validation of the method for SNGFR
measurements: A) Normal rats. In five rats, SNGFR
was 1) measured by conventional techniques and 2)
calculated from EAPF and SNFF values. For
SNGFR measurement by conventional techniques,
timed complete collections of proximal tubular fluid
were performed with sharpened micropipettes (5 to
8, O.D.) filled with colored mineral oil. After inser-
tion of the pipette tip into the tubule, an oil block (3
to 4 tubular diameters) was injected, and collection
was started by gentle aspiration and spontaneously
continued thereafter for at least three minutes [2, 8].
For SNGFR calculation from EAPF and SNFF,
timed complete collections of blood were performed
from efferent arterioles of superficial nephrons, uti-
lizing heparinized oil-filled micropipettes (12 to l5i,
O.D.). After the insertion of the pipette tip into the
largest peritubular capillary (the welling point), a
small quantity of uncolored mineral oil was injected,
displacing the blood within the capillary so that the
latter became clear; within a few seconds, blood
flowing from the glomerulus to the efferent arteriole
displaced the injected oil so that smaller oil columns
filled the outwardly radiating peritubular capillaries.
As soon as the blood reached the pipette tip, a slight
aspiration started the blood collection; the oil into
the peritubular capillaries distal to the pipette tip
provided the best proof of complete collection and
prevented retrograde flow of blood [1]. At the end of
collection, the pipette was withdrawn, and a drop of
clear oil was aspirated into the tip to prevent evapo-
ration [2].
At the end of micropuncture collections, a catheter
(PE-50) was inserted into the abdominal aorta, and
its tip was located at the level of the renal arteries
[2]. The mesenteric arteries and the aorta just above
the renal arteries were then clamped, and Neoprene®
(Latex 842A, Dupont de Nemours Company) was
rapidly injected through the aortic catheter for mak-
ing a cast of the renal vascular tree. The left kidney
was immediately removed and rapidly frozen in liq-
uid nitrogen; 1001k-thick sections were made and
dipped into 10% hydrochloric acid at 37°C for 15 to
20 mm for maceration. Microdissection of 100 effer-
ent arterioles of the outermost glomeruli was then
performed [2].
B) Rats with ureteral ligation, in ten rats, the left
ureter was ligated approximately one centimeter
below the renal pelvis. After one hour, timed collec-
tions of tubular fluid and of efferent blood were
performed for SNGFR measurements, as previously
described.
Ureteral obstruction studies. In ten rats, the fol-
lowing measurements were made in control condi-
tions: a) GFRs of both kidneys were measured. Two
30-mm clearance periods were performed. Urine was
collected under mineral oil from the left ureter
through a PE-lO catheter and from the bladder (for
the right kidney) through a PE-50 catheter. Arterial
blood samples were obtained from the femoral artery
at the beginning and the end of each clearance peri-
od. b) SNGFR was measured by conventional tech-
niques. Timed complete collections of proximal
tubular fluid (without locating the puncture site along
the tubule) were performed as described above. c)
EABF was measured for calculating SNGFR from
EAPF and SNFF. Timed complete collections of
blood were performed from efferent arterioles of
superficial nephrons at their welling points as
described above. d) Cortical hydrodynamic pres-
sures were measured. Glomerular capillary pressure
(PG), pressure in the first-order peritubular capillaries
(so-called efferent arteriole pressure, EAP), and
hydrostatic pressure in proximal tubules or Bow-
man's capsule (PT) were directly measured with a
servo-nul ling pressure-measuring system, as previ-
ously described [7, 9j, and recorded simultaneously
with arterial blood pressure (BP) on a dual-channel
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recorder (model 7702 B, Hewlett-Packard).
After these control measurements, the left ureter
was tightly ligated approximately one centimeter
below the renal pelvis. Sixty minutes were allowed
before starting the experimental periods. Then the
following measurements were performed: a) GFR of
the right kidney (two 30-mm clearance periods), b)
EABF, for calculating SNGFR from EAPF and
SNFF, and c) cortical hydrodynamic pressures (PG,
EAP, and PT), as described above.
When the measurements of the experimental
periods were completed, the left ureter was clamped
just below the pelvis and cannulated distally with an
oil-filled PE-50 tubing connected to a pressure trans-
ducer; the clamp was then released, and the ureteral
pressure (Pc) was recorded on the recorder (Hewlett-
Packard).
Post-obstructive studies. The obstruction of the
left ureter was released by cutting the PE-50 catheter
used for P measurement. A transitory polyuria fol-
lowed, lasting between 15 and 30 mm.
Two postobstructive clearance periods were per-
formed; the first period began with the release of the
obstruction, lasting 15 mm (polyuric period); the
second period was 30 mm long and began 30 mm
after the release of the obstruction, i.e., when the
polyuric phase was already over (postobstructive
control period). During both periods, all of the mea-
surements performed in preobstructive control con-
dition were repeated. Since the polyuric period was
too short for obtaining pressure measurements, tubu-
lar fluid collections, and collections of blood from
efferent arterioles, micropressure measurements
were performed in five rats, while micropuncture
collections were obtained from the other five rats.
______________________________
In each experiment, the kidney was covered with a
heated (37°C) physiologic saline solution during
micropressure measurements and with a warmed
(37°C) mineral oil during micropuncture collections
[21. Micropressure measurements and micropunc-
ture collections were alternated as the initial proce-
dure in different experiments.
Analytical determinations EAPF = EABF (1 — HCte),
Urine volume was obtained by weight. The vol-
umes of fluid and blood collected from proximal
tubules and efferent arterioles, respectively, were
estimated from the length of the fluid column in a
calibrated constant-bore quartz tubing of approxi-
mately 70p. I.D. (Friedrich and Dimmock, Millville,
NJ). The concentration of chemical (nonisotopic)
inulin in tubular fluid was measured by the micro-
fluorescence method of Vurek and Pegram; chemical
inulin concentrations in plasma and urine were deter-
mined by the diphenylamine method; plasma protein
concentration was measured by Lowry's method in
femoral arterial blood and by a microadaptation of
Lowry's method in blood collected from efferent
arterioles; sodium concentration in urine was mea-
sured by flame photometry [21.
Calculations
SNGFR was calculated from equation I or mea-
sured according to
SNGFR = (TFIP)1 . V, (2)
where SNGFR is measured in nl/min, (TFIP)1 refers
to tubular fluid/plasma inulin concentration ratio, and
V refers to tubular fluid flow rate.
Single nephron filtration fraction (SNFF) was cal-
culated as
SNFF = 1 — P'P, (3)
where Pa and Pe equal the plasma protein concentra-
tion in blood samples collected from the femoral
artery and from efferent arterioles, respectively.
Efferent arteriole blood flow (EABF) was obtained
by timed complete collection of blood according to
EABF = total collected blood, (4)
collection time
where EABF is measured in nl/min; total collected
blood, in nanoliters; and collected time, in minutes.
The microhematocrit in the efferent arteriole of
superficial nephrons(Hcte) was calculated according
to the expression
HCte = 1 (5)
1 + (1 — SNFF) < (_L — 1)HCta
where HCta was the hematocrit measured in blood
samples collected from the femoral artery.
Efferent arteriole plasma flow (EAPF) was calcu-
lated according to the expression
(6)
where EAPF and EABF are measured in nI/mm.
Afferent arteriole blood flow (AABF), i.e., the
initial blood flow rate per glomerulus or glomerular
blood flow (GB F), was calculated as
AABF = GBF = EABF + SNGFR. (7)
Afferent arteriole plasma flow (AAPF) or glomerular
plasma flow (GPF) was derived from the expression
AAPF = GPF = AABF (1 -- HCta). (8)
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The hydrostatic pressure gradient across the glomer-
ular capillary (zWc) was defined as
= PG — PT,
where PT was the intratubular pressure.
Oncotic pressure at the afferent end (ira) and at the
efferent end of the glomerulus (ire) was calculated
from Pa and Pe, respectively, according to the Lan-
dis-Pappenheimer equation [2].
Effective filtration pressure at the afferent end
(EFPa) and the efferent end of the glomerulus (EFPe)
was calculated according to the expressions
EFPa = PG — PT — ira,
and EFPe PG PT ire.
As glomerular oncotic pressure (irG) changes along
the glomerular capillary network in a non-linear fash-
ion, with the initial rise in ir being relatively rapid
(because of the greater ultrafiltration rate due to the
higher EFP) and followed by a less rapid rise of the r
curve, with filtration pressure equilibrium at the
efferent end of the glomerulus [10, 11], the calcula-
tion of irG as the arithmetic mean of ira and ire will
give only the minimum value of irG (G) as
— ira +ir
irG
Hence, using irG, only the maximum value of
mean EFP (EFP) will be obtained according to
EFP = PG PT TG.
Since EFP is related to SNGFR according to
SNGFR = K1(EFP),
the calculation of the ifitration coefficient (K1) as
K1 = kS = SNGFR
EFP
will give only the minimum value of K1. The latter is
a function of the hydraulic permeability of the gb-
merular membrane (k) as well as the surface area
available for ultrafiltration (5).
Vascular resistance across single afferent arteriole
(Ra) was calculated from systemic blood pressure
(BP), PG, and AABF as
Ra = (BP — PG)IAABF x 7.962 X 1010, (16)
whereas efferent arteriolar resistance (Re) was calcu-
lated as
Re = (PG — EAP)/EABF X 7.962 X 1010 (17)
(the factor 7.962 X 1010 was used to express R in
units of dynes x sec x cm5 when pressures were
expressed in mm Hg and flows in ni/mm).(9) Total arteriolar resistance (RTA) was obtained by
the sum
RTA = Ra + Re. (18)
Transtubular pressure gradient ( PT) was calcu-
lated as
LPT = (PT + ire) — EAP.
Results
(19)
(10) Studies for validation of the method for SNGFR
(11) measurements: A) Normal rats. SNGFR measured
in five rats by conventional technique averaged
22.1 4.2 (SD) nI/mm (N = 57): the value for
SNGFR calculated according to equation 1 in the
same rats averaged 20.9 5.3 (SD) nl/min (N = 32);
the difference was not statistically significant (P >
0.5).
At the microdissection study, 64 out of 100 effer-
ent arterioles from the outermost glomeruli showed a
straight unbranched pathway to the kidney surface
(Fig. 1A); in the remaining 36, branching occurred
prior to the surface, with only part of this network
'I2 reaching the kidney surface (Fig. 1B).' ' B) Rats with ureteral ligation, in ten rats with one-
hour left ureteral ligation, SNGFR averaged 19.4
8.6 (SD) nI/mm with the conventional technique (N =
51) and 18.5 6.5 (SD) nl/min, calculated from
EABF and SNFF (N = 38). The difference was not
(13) statistically significant (P > 0.4).
Ureteral obstruction studies. The results of these
studies are summarized in Tables I and 2. Ureteral
obstruction raised ureteral pressure (Pr) to a value
(14) that averaged 31.2 4.5 (SD) mm Hg at the end of
the experimental (i.e., obstruction) periods. The rise
in P was responsible for the rise of PT from 12.9
(15) 1.4 to 36.8 6.1 (SD) mm Hg (P < 0.001), and
consequently for the fall of PG from 32.6 4.4 to
22.5 3,8 (SD) mm Hg (P <0.001). This fall of PG,
however, was blunted by the rise of PG from 45.5
3.6 to 59.3 4.0 (SD) mm Hg (P < 0.001). Hence,
EFPA fell, but only from 18.7 5.8 to 8.7 4.5 (SD)
mm Hg (EFP fell from 10.9 to 5.0 mm Hg), and
SNGFR remained relatively high (17.9 5.2 (SD) nh
mm), despite ureteral obstruction. At the efferent
end of the gbomerulus, glomerular pressure equilibri-
um was maintained, PG being not statistically differ-
ent from ire.
Ureteral obstruction was also responsible for the
rise of EAP and for the fall in total arteriolar resis-
tance (RTA). The latter was mainly due to the fall in
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Fig. 1. Microphotograph of the casted vascular tree of the left kidney. An efferent arteriole (A)
shows a straight unbranched pathway to the kidney surface. Another efferent arteriole (B) gives
rise to a capillary network under the surface (magnification, >< 50).
Ra from 4.806 2.3 to 3.458 1.7 (SD) dynes x sec
x cm, with a consequent rise in AABF and AAPF;
thus, SNFF fell from 0.37 0.09 to 0.27 0.13(P <
0.001); consequently, a significant fall of Pe (and lTe)
and Hcte took place. EABF and EAPF increased,
too.
The minimum value for filtration coefficient (Kr)
calculated according to equation 15 averaged 0.03 6
nl/sec/mm Hg in control condition and 0.059 nl/sec/
mm Hg during ureteral obstruction (P < 0.01). No
significant change (P > 0.05) was observed in trans-
tubular pressure gradient (APT) during ureteral
obstruction.
No significant differences were observed inGFR,
urine flow rate, and sodium excretion between the
left and the right kidney in control condition (P >
0.1) and, in the right (nonobstructed) kidney,
between control and ureteral obstruction periods (P
> 0.1) (Table 2).
Postobstructive studies. The results of the postob-
structive periods are summarized in Tables 2 and 3.
In the polyuric period, the release of the obstruction
of the left ureter was followed by transient polyuria,
hypernatriuresis, and a great rise in inulin clearance;
the latter, however, was an obvious wash-out effect.
No changes were observed for the same parameters
in the right kidney (Table 2). PT, P(;, and EAP
decreased quite rapidly after the release of the
obstruction, so that PG was almost normalized. Thus,
SNGFR increased while AAPF fell with a conse-
quent rise in SNFF (Table 3). In the postobstructive
control period, urine flow, sodium excretion, and
inulin clearance were not statistically different from
the preobstructive control values for both kidneys
(Table 2). Similarly, all micropressures and flows
returned to the preobstructive control values (Table
3).
Discussion
Several publications have given evidence that gb-
merular filtration rate is relatively well maintained
during ureteral obstruction [12-161. It is not yet
known, however, what is the mechanism for this
phenomenon. Several factors have been postulated
as contributing to the maintainance of the glomerular
ultrafiltration process during ureteral obstruction,
such as dilatation of the pelvic wall [16, 1811, removal
of sequestered urine from the pelvis [18—24], and
renal vasodilatation [12—15, 25—27].
Micropuncture experiments have suggested that a
readjustment in intrarenal vascular pressures takes
place during ureteral obstruction, which would at
least partially account for the maintainance of gb-
merular filtration [28].
4
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Table 1. Pressures, flows, protein concentrations, hematocrits, and resistances during control and ureteral obstructione
BP
mm Hg
P0
/wo Hg
Pr
mm Hg
P0
mm Hg
EAP
mm Hg
P P0
g/100 ml
ir.,
mm Hg
ir0
mm Hg
PT
mm Hg
EFP,
mm Hg
EFP0
mm Hg
Control Ill 45.5 12.9 32.6 17.5 4.58 7.52 13.9 29.4 24.8 18.7 3.2
±9 ±3.6 ±1.4 ±4.4 ±2.6 ±0.40 ±1.45 ±1.7 ±9.0 ±9.2 ±5.8 ±11.0
Ureteral
obstruction III 59.3 36.8 22.5 32.8 4.55 6.45 13.8 23.2 27.2 8.7 —0.6
±9 ±4.0 ±6.1 ±3.8 ±6.1 ±0.55 ±1.37 ±2.3 ±7.5 ±7.6 ±4.5 ±9.1
P >0.5 <0.001 <0.0)1 <0.0)1 <0.031 >0.05 <0.0)5 >0.05 <0.055 >0.05 <0.0)! >0.05
HcI Hct0 AABF AAPF EABF EAPF SNGFR SNFF Re R0 RTA
vol. % % ni/rn in ni/rn in ni/rn in ni/mm ni/mm ni/mm dynes. sec. cmn
Control 47 59 130.3 68.4 106.9 45.1 23.3 0.37 4.056 2.568 7.374
±2 ±4 ±59.! ±30.7 ±53.9 ±25.5 ±6.4 ±0.0) ±2.3 ±1.2 ±2.9
Ureteral
obstruction 47 55 144.2 75.6 126.1 57.9 7.9 0.27 3.458 2.178 5.636
± 2 ± 5 ± 69.0 ± 33.9 ± 68.7 ± 34.1 ± 5.2 ± 0.13 ± 1.7 ± I.! ± 2.0
P >0.05 <0.001 <0.01 <0(05 <0.01 <0.0)5 <0.025 <0.0)1 <0.0)1 <0.05 <0(01
Abbreviations used are: BP, arterial blood pressure; P5, glomerular capillary hydrostatic pressure; PT, intratubular hydrostatic pressure; zP0, hydrostatic
pressure gradient across glomerular capillaries; EAP, pressure in the first order peritubular capillaries (so-called efferent arteriole pressure); Pe, systemic arterial
protein concentration: P0, efferent (peritubular capillary) protein concentration; ir and ire, oncotic pressure in afferent and efferent arteriole, respectively; XPT,
transtubular pressure gradient [(PT + ire) — EAP]; EFP0 and EFPe, effective filtration pressure at the afferent and efferent end of the glomerulus, respectively;
Hcta and Hcte, hematocrit in affeivnt and efferent arteriole, respectively; AABF, afferent arteriole blood flow; AAPF, afferent arteriole plasma flow; EABF,
efferent arteriole blood flow: F.APF, efferent arteriole plasma flow: SNGFR. single nephron glomerular filtration rate: SNFF. single nephron filtration fraction:
Re, afferent arteriole resistance: R0, efferent arteriole resistance; RTA, total arteriolar resistance. The results are given as the mean values of the averaged
measurements in single rats ± so.
Table 2. Urine flow, sodium excretion, and inulin clearance from the right and left kidney during preobstructive control periods, left ureteral
obstruction, polyuric period, and postobstructive control perioda
V, pi/min UNCV. pEqimin C1, mi/mm
LeftRight L ftRight Left Right
kidney kidney kidney kidney kidney kidney
Preobstructive 2.13 2.22 3.82 3.64 0.75 0.76
control periods ± 1.4 ± 0.9 ± 1.2 ± 1.8 ± 0.19 ± 0.23
Left ureteral — 2.55 — 3.85 — 0.78
obstruction ± 1.1 ± 1.4 ± 0.26
Polyuric period 8.27
± 3.8
2.05
± 0.7
12.02
± 2.4
3.77
± 1.9
4.13
± 0.31
0.76
± 0.31
Postobstructive 2.27 2.42 3.94 3.68 0.78 0.75
control period ± 1.8 ± 0.5 ± 2.0 ± 1.6 ± 0.41 ± 0.17
Abbreviations used are: V, urine flow rate; UNCV, urine sodium excretion; inulin clearance. All values are mean ± so. The results
are given as the mean values of the averaged measurements in single rats.
An important problem in evaluating renal hemody-
namics during ureteral obstruction might be the
impossibility of using the SNGFR measured by con-
ventional techniques to calculate the glomerular
blood flow. Micropuncture of the tubule for fluid
collection, in fact, might decrease intratubular pres-
sure, spuriously increasing glomerular hydrostatic
capillary pressure (PG) and, consequently, single
nephron glomerular filtration rate (SNGFR). Brenner
et al [1] demonstrated that in normal hydropenic
rats, intratubular pressure was not significantly low-
ered at early proximal sites during fluid collection
from late proximal loops, despite suction during col-
lection. This happens because, if a sufficient length
of tubule is interposed between the fluid collection
site and Bowman's capsule, the reduction in collec-
tion site pressure due to suction is dissipated prior to
Bowman's space. During ureteral obstruction, how-
ever, with the intratubular pressure (PT) being mark-
edly increased, micropuncture of the tubule may
result in a significant decompression, even if PT falls
only to usually normal values. In ten rats with com-
plete ureteral obstruction, we have therefore com-
pared the SNGFR measured with the conventional
technique to the SNGFR calculated from efferent
arteriole plasma flow (EAPF) and single nephron
filtration fraction (SNFF), according to equation I.
No significant difference could be detected. But
according to Brenner and Daugharty [291, if the
puncture site is located in one of the first loops of the
proximal tubule, it is reasonable (even if not demon-
strated) that reductions in collection site pressure
may not be effectively dissipated prior to Bowman's
space, thus increasing effective filtration pressure
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Table 3. Summary of pressures and flows during preobstructive control periods, ureteral obstruction, polyuric period, and postobstructive
control perioda
P(;
iiun Hg
Pr
mm Hg
PG
mm Hg
EAP
mm Hg
IT
ruin Hg
lTe
mm Hg
PT
mm Hg
SNGFR
ni/mm
AAPF
ni/mm
SNFF
ni/mm
Preobstructive 45.5 12.9 32.6 17.5 13.9 29.4 24.8 23.3 68.4 0.37
control periods ±3.6 ±1.4 ±4.4 ±2.6 ±1.7 ±9.0 ±9.2 ±6.4 ±30.7 ±0.09
Ureteral 59.3 36.8 22.5 32.8 13.8 23.2 27.2 17.9 75.6 0.27
obstruction ±4.0 ±6.1 ±3.8 ±6.1 ±2.3 ±7.5 ±7.6 ±5.2 ±33.9 ±0.13
Polyuric period 50.1
±3.4
19.5
±2.4
30.6
±4.1
21.4
±2.6
14.3
±2.0
24.5
±7.2
22.6
±8.7
21.8
±6.1
70.1
±35.6
0.31
±0.16
Postobstructive 46.2 12.0 34.2 16.0 13.9 26.2 22.2 22.6 64.5 0.35
control period ±4.2 ±1.6 ±6.3 ±3.1 ±1.8 ±6.5 ±6.8 ±5.2 ±25.2 ±0.09
a Abbreviations are defined in the footnote to Table I. All values are mean ± SD. The results are given as the mean values of the averaged
measurements in single rats.
=
1 — Hct1'
and, consequently, the SNGFR. In this study, since (GPF), and in glomerular hydrostatic pressure (Ps).
the puncture site could not be located along the According to Poiseuille's Law, the resistance (R) of a
proximal tubule, in order to avoid the possible arti- vessel to blood flow is directly related to blood vis-
fact of luminal decompression in case of micropunc- cosity () and to length of the vessel [11, and is
ture of early proximal loops, we have used values of inversely related to the fourth power of its radius (r)
SNGFR calculated from EAPF and SNFF according according to the expression
to equation 1. Our microdissection study showed
that in Munich-Wistar rats, 36 out of 100 superficial
efferent arterioles branch out prior to the kidney
surface. This percentage is much higher than the one
reported in Sprague-Dawley rats [I] and seems to be
in contrast with the correct efferent arteriole blood
8 1R =
—i- (20)r
Although blood is a non-Newtonian fluid, its viscosi-
ty remains relatively constant at physiologic flow
rates for a given hematocrit and protein concentra-
flow (EABF) and SNGFR measurements. The tion [30], i being related to the latter by the empiri-
superficial capillaries of the efferent arterioles that cal expression of Hatschek [311
branch out prior to the surface, however, are very
small and cannot be confused with the unbranched
1 (2])
large efferent arterioles that are commonly selected
for blood collection. It is, therefore, reasonable that Thus, since Hcta and Pa were unchanged during
in our experiments EABF, measured by timed blood ureteral obstruction, and assuming also that the
collection, was quite correct also during ureteral length of renal arterioles was not modified, the
obstruction. i.e.. the condition in which SNGFR was reduction in Ra is accounted for by an increase in the
not measured by conventional technique but calcu- radius of the afferent arterioles, i.e., by an afferent
lated according to equation 1. arteriole dilatation. On the other hand, the rise in PT
Previous studies have given some evidence that is expected to increase interstitial pressure and to
renal vasodilatation is taking place in response to lower transmural pressure gradient in afferent arteri-
partial ureteral obstruction, at least in dogs [12, 13, oles. Since the latter dilate according to Laplace's
15, 25—271. This vasodilatation was located by some Law, the decrease in transmural pressure has to be
authors at the afferent arteriole because of a less overcome by a greater decrease in the circumferen-
efficient autoregulation of renal blood flow in this tial tension, through a relaxation of the muscle fibers
condition [25—27]. Renal vasodilatation was also of the wall; such a dilatation may be either the result
suggested by Andreucci et al, on the basis of their of a myogenic reflex [26] or the effect of humoral
experiments in rats [141. factors, such as the prostaglandins [321.
The results of our study demonstrate that early During ureteral obstruction (UO), a reduction in
(i.e., one to two hours) after complete ureteral vascular resistance was observed also in efferent
obstruction in rats a dilatation of the afferent arteri- arterioles, although of minor extent (15%). The rea-
ole takes place, accounting for the maintainance of son for this, however, was quite different, The hema-
glomerular ultrafiltration despite a significant rise in tocrit of blood collected from efferent arterioles
intratubular pressure. This is based on the demon- (Hcte), in fact, was significantly lower during ureteral
stration of a reduction in afferent arteriolar resis- obstruction than in control conditions as a result of a
tance (Ra) and a rise in glomerular plasma flow fall in SNFF (see Table 1). This implies a reduction
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in viscosity of the blood leaving the glomerulus,
When was calculated according to equation 21, in
fact, it equaled 6.45 in control conditions and 5.55
during ureteral obstruction (1)/controi = 0.86).
According to Poiseuille's Law, all geometrical fac-
tors being equal, the 15% reduction in Re could well
be accounted for by the 14% fall in blood viscosity,
without necessarily implying a dilatation of efferent
arterioles. The rise in interstitial pressure, however,
tends to lower transmural pressure gradient in effer-
ent arterioles as it does in afferent arterioles. This
cannot be counterbalanced by a muscolar relaxation
of the wall (as for afferent arterioles), since anatomi-
cal studies [33,34] as well as physiologic data [7]
have given evidence that efferent arterioles of super-
ficial nephrons behave as thin-walled venules. The
rise in PG and EAP that we have observed during
ureteral obstruction suggests that in this condition
the increase in interstitial pressure would be counter-
balanced by the rise in intraluminal pressure at the
efferent arteriole level.
If rises in GPF and in PG are the main factors in
maintaining SNGFR, a certain contribution is also
given by the behavior of the glomerular filtration
coefficient (K1). The value of K1 calculated according
to equation 15 increased during ureteral obstruction,
but no definite conclusion can be drawn from our
data regarding changes in K1, as the use of (lTa+ TJ',)I
2 to calculate the maximal possible EFP leads to a
substantial underestimation of minimal possible K1
[10]. Since filtration equilibrium occurs in both con-
trol and experimental conditions, definite values of
K1 cannot be calculated.
The release of ureteral obstruction was followed
by a short polyuric phase. Our study shows that this
transient postobstructive period of polyuria was
mainly related to the accumulation of urine in the
urinary collecting system (both extra and intrarenal)
during the obstruction and was maintained by the
pressure gradient between tubular lumen and renal
pelvis (as a matter of fact, it ceased when PT returned
to preobstructive control levels). A certain contribu-
tion, however, to this increase in water and sodium
excretion after the release of the obstruction, was
presumably related to the intratubular accumulation
of nonreabsorbable solutes during the obstruction; if
tubular fluid reabsorption is continued during the
obstruction, in fact, nonreabsorbable solutes will be
progressively concentrated; at the release of the
obstruction, an endogenous osmotic-loading will
contribute to the postobstructive polyuria. This con-
dition, however, if present, has to be minimal and
will cease with the excretion of the accumulated non-
reabsorbable solutes.
It is unreasonable to assume that either a rise in
glomerular filtration rate or a fall in tubular reabsorp-
tion contributed to any extent to the transient
increase in water and sodium excretion observed in
our experiments. In the polyuric period, in fact,
SNGFR of superficial nephrons was even lower than
in pre- and postobstructive control periods (see
Table 3). On the other hand, the increase in left
kidney inulin clearance was only a washout effect; it
was, in fact, already over in the postobstructive
control period (see Table 2). Proximal tubular reab-
sorption was not measured in our micropuncture
experiments, since the puncture site was not local-
ized along the tubule. The transtubular pressure gra-
dient (APT), however, was not modified during the
polyuric period as compared to the pre- and postob-
structive periods. Furthermore, others have given
evidence that after a 24 hr ureteral obstruction proxi-
mal fractional reabsorption, measured by micro-
puncture technique, was increased rather than
reduced [35]; we may assume, therefore, that also in
our experiments, after two hours of ureteral obstruc-
tion, the proximal fractional reabsorption was not
reduced.
Different results have been recently obtained by
Blantz, Konnen, and Tucker in rats with elevated (20
mm Hg) ureteral pressure [16]. According to these
authors, in fact, the filtration response to elevated
ureteral pressure is not associated with changes in
either nephron blood flow or afferent arteriolar resis-
tance. if this may be well explained in their plasma-
expanded rats, since plasma expansion is by itself a
strong stimulus for afferent arteriole dilatation, the
explanation is less evident in hydropenic rats. Sub-
stantial differences were, however, present in their
experimental protocol. First, they used only a partial
obstruction (i.e., 20 mm Hg) with a consequent
minor rise in intratubular pressure; furthermore,
their SNGFRs were measured with a conventional
technique; and finally, the glomerular blood flow,
necessary for calculating afferent arteriolar resis-
tance (see equation 16), was calculated from the
measured SNGFR, protein concentration, and
hematocrit.
In summary, our experiments have given evidence
that when free-flow of urine is inhibited at any point
in the urinary tract, the pressure proximal to the
obstruction site will increase, approaching glomeru-
lar effective filtration pressure. Owing to its distensi-
bility, however, the urinary collecting system has
some capacity to protect nephron function from
pressure rise; this accounts for the observed hydro-
nephrosis during obstruction and for the transient
polyuria when the obstruction is released. The pro-
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tection, however, is limited in degree; in conditions
of complete obstruction, intratubular pressure will
rise. When this happens, the hydrostatic pressure
gradient across the glomerular capillaries will fall
and, in turn, SNGFR will decrease. The latter phe-
nomenon, however, will be blunted by the rise in
both glomerular hydrostatic pressure and glomerular
plasma flow secondary to afferent arteriole dilata-
tion.
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